SYNTHESIS OF CHIRAL DYES DI-4-ANEPMRF AND DI-4-ANEPMPOH
The chiral reagents for the syntheses were purchased from Sigma Chemical and stored refrigerated prior to use. Fast atom bombardment (FAB) mass spectral analyses were obtained from the Midwest Center for Mass Spectrometry with partial support by the National Science Foundation, Biology Division (Grant No. DIR9017262).
starting compound
The starting compound b-(2-(di-n-butylamino)-6-napthyl)-4-vinyl-pyridine was prepared from 6-bromo-2-(di-n-butylamino)-naphthalene by the palladium-catalysed Heck coupling procedure described by Hassner et al. (Hassner et al. 1984) .
bromide or di-4-ANEPMPOH was prepared as follows. A solution of 358 mg (1 mmol) of the starting compound and 306 mg (2.0 mmol) (S)-(+)-3-bromo-2-methylpropanol in 3 ml dry acetonitrile was heated at reflux in a nitrogen atmosphere while stirring for a period of 24 hours.
After cooling to ambient temperature, the solvent was removed under reduced pressure on a rotary evaporator and the dark-red semi-crystalline residue stirred in 40 ml ether and refrigerated overnight. The resulting brick-red solid was separated by filtration, rinsed with ether and dried in 
ESTIMATE OF 2PF VERSUS SHG PHOTON RATE
In our use of the Fluoview system, we select imaging conditions such that the membrane pixel values (recorded as 12-bit numbers) are comparable for both SHG and 2PF channels. With a software gain of 10 x on the SHG channel, we set the Pockels cell for the minimum power into the scanner such that we still obtain a reasonable SHG image. In order to obtain a similarly bright 2PF
image, we find that a PMT voltage of ~600 V is necessary. Given that the images are comparable, we may use the known characteristics of the detectors to estimate the ratio of the photon rates on the two channels.
Hamamatsu's documentation for the H7421-40 photon-counting head (SHG detector) gives a rate of 6 x 10 5 counts s -1 / pW at 450 nm. The head produces 5 V TTL pulses with a pulse width of 30 ns.
We assume that each pulse going into the analogue input electronics of the Fluoview contributes to an average signal collected over the dwell time for each pixel (~5 ms), such that the analogue equivalent of the head's TTL output is 5 V x 30 ns x 6 x 10 5 s -1 / pW = 0.09 V / pW. The filters on the SHG channel transmit 60% at 450 nm so, including the 10 x software gain, the effective SHG signal as a function of emitted SHG is ~5 x 10 11 V / W.
Hamamatsu's documentation for the R3896 photo-multiplier tube (2PF detector) gives a radiant sensitivity of ~80 mA / W at 600 nm and a gain of ~2 x 10 5 for a PMT voltage of 600 V. The
Fluoview amplifier board has an I-to-V gain of 570 kW, so the voltage output is 570 kW x 2 x 10 5 x 80 mA / W = ~9 x 10 9 V / W. The filters on the 2PF channel transmit ~50% between 430 nm and 615 nm, which range covers ~40% of the fluorescence emission spectrum, so the effective 2PF SHG Imaging of Membrane Potential 6 signal as a function of emitted 2PF is ~2 x 10 9 V / W. For the same signal on both channels, the ratio of 2PF power to SHG power is therefore 5 x 10 11 / 2 x 10 9 = 250. However, SHG photons at 450 nm have ~1.4 x the energy of 2PF photons at 640 nm, so the ratio of 2PF photon rate to SHG photon rate is ~360. For comparison, Moreaux et al. (Moreaux et al. 2000) calculate that the SHG cross-section for a single molecule is four orders of magnitude smaller than the 2PF cross-section, but note that the coherence of SHG can make SHG and 2PF powers more comparable with a sufficient density of dye.
IMAGE PROCESSING
We performed image processing for the display of images using code written in Perl (http://www.perl.com/) and using the Netpbm package (http://netpbm.sourceforge.net/), running under Mac OS X (Apple Computer, Inc., Cupertino CA). The frames were first nudged, at most by a few pixels, to correct for any slight drift in the position of the cell during imaging. With the frames aligned, a mask corresponding to the cell membrane was generated. Within each frame, the mask was applied to select the bright membrane pixels, and a nearest-neighbour mean filter was applied, with the filter constrained to use only pixels within the mask. Just as the total intensity values, I . (t i ), were normalised as described in Materials and Methods, so were the intensity values of each pixel normalised across the frames by a running average interpolated from the values of that pixel in the frames corresponding to the 0 mV reference voltage. We use Wayne Rasband's ImageJ (http://rsb.info.nih.gov/ij/) to display the images using a "Fire" lookup table.
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DISCUSSION OF POTASSIUM-INDUCED DEPOLARISATION EXPERIMENTS
Peleg et al. (Peleg et al. 1999 ) used undifferentiated P19 neuronal cells to investigate the enhancement of SHG from di-4-ANEPRMF by gold nanoparticles conjugated to antibodies for membrane proteins. The excitation wavelength was again 1064 nm. They depolarised the cells by changing the extracellular potassium concentration from ~5mM to ~45mM, resulting in a reduction in signal by 59%. Calculating a change in TMP of ~50 mV for the depolarisation, and assuming that this represents almost complete depolarisation, this corresponds to a voltage-sensitivity of 290% / 100 mV using our definition of sensitivity in terms of the signal change relative to the 0 mV intensity.
Campagnola et al. (Campagnola et al. 1999 ) used an earlier version of the microscope described in this paper to measure SHG and 2PF from L1210 (mouse leukaemia) cells stained with di-8-ANEPRMF and excited at 880 nm. They changed the extracellular potassium concentration from 5 mM to ~135 mM, giving a ~25 mV depolarisation as determined by TMRE. Since ~135 mM potassium will completely depolarise the cell (and in fact damage it beyond recovery), we may assume that the TMP at ~5 mM was ~-25 mV. Using both imaging and cuvette-based spectroscopy, the SHG:2PF signal ratio was found to be reduced by ~54% which, converting to response produce the same reduction in SHG signal of 59% reported by Peleg et al. (Peleg et al. 1999 ). In the case of the 54% reduction in SHG:2PF signal ratio reported by Campagnola et al. (Campagnola et al. 1999) , the reduction in dye concentration would have had to be 54% as well: SHG being quadratic in concentration and 2PF being linear, the SHG:2PF signal ratio is linear in concentration. between the intracellular and the extracellular media (Ehrenberg et al. 1988) or between the cell membrane and the extracellular medium as a function of TMP (Loew 1999) . Such dye redistributions typically require tens of seconds for equilibration. (3) The ideal mechanism for voltage-sensitivity is directly electrochromic. We have previously demonstrated that the reorientation and redistribution mechanisms do not pertain to the fast responses of styryl dyes in 1PF experiments on HLB apparatus (Loew et al. 1979; Loew and Simpson 1981; Fluhler et al. 1985) . The agreement of the HLB measurementss and our voltage-clamping measurements of SHG SHG Imaging of Membrane Potential 9 responses to TMP suggests that the SHG voltage-sensitivities reported here are electrochromic. In contrast, the potassium-induced depolarisation experiments (Campagnola et al. 1999; Peleg et al. 1999 ) make gross changes to the extracellular medium that affect the dye-membrane system, perhaps driving dye into or out of the cell, and hence affecting SHG beyond straightforward 
